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Abstract 
Unsteady MHD mixed convection flow from a vertical plate in porous media in the presence of internal heat generation with chemical 
reaction, Hall current and thermal radiation has been studied. To obtain the non-similar momentum, energy and concentration equations, 
usual non-dimensional variables have been used. A finite difference technique with stability and convergence analysis is used to solve the 
obtained non-similar, coupled, non linear partial differential non-dimensional equations. The obtained solutions are shown graphically. 
Finally, a qualitative comparison with previous work is shown in tabular form. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
 The effect of chemical reaction and thermal radiation on MHD boundary layer flow has become important in several 
industrial, scientific and engineering fields. The growing need for chemical reactions in chemical and hydrometallurgical 
industries requires the study of heat and mass transfer with chemical reaction. There are many transport processes that are 
governed by the combined action of buoyancy forces due to both thermal and mass diffusion in the presence of the chemical 
reaction. These processes are observed in nuclear reactor safety and combustion systems, solar collectors. From the point of 
applications, Das et al. [1] investigated the effect of the first-order homogeneous chemical reaction of an unsteady flow past 
a vertical plate with the constant heat and mass transfer. For industrial applications such as glass production, furnace design, 
space technology applications, cosmical flight aerodynamics rockets, and spacecraft re-entry aerothermodynamics which are 
operated under the higher temperature with radiation effects are significant. In view of this, Sattar and Kalim [2] studied the 
unsteady free convection interaction with thermal radiation in a boundary layer flow past a vertical porous plate. Aydin and 
Kaya [3] investigated the effect of radiation on MHD mixed convection flow about a permeable vertical plate. The Soret and 
Dufour effects have been found to influence the flow field in mixed convection boundary layer over a vertical surface 
embedded in a porous medium. Stanford et al. [4] has studied the effect of thermal radiation, Hall currents, Soret and Dufour 
on MHD flow by mixed convection over a vertical surface in porous media.  Recently, Aurangzaib and Shafie [5] 
investigated the effects of Soret and Dufour on unsteady MHD flow by mixed convection over a vertical surface in porous 
media with internal heat generation, chemical reaction and Hall current.  
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Hence our aim of this research is to extend the work of Aurangzaib and Shafie [5] to solve the problem by implicit finite 
difference scheme. The proposed model has been transformed into non-similar coupled partial differential equation by usual 
transformations. Finally, the comparison of the present results with the results of Aurangzaib and Shafie [5] has been shown. 
The obtained results are shown graphically as well as tabular form. 
2. Mathematical formulation 
Consider MHD mixed convective heat and mass transfer flow of a viscous incompressible fluid over an isothermal semi-
infinite vertical flat plate through a porous medium. The flow is also subjected to a constant suction velocity. The positive x  
coordinate is measured along the plate in the direction of fluid motion and the positive y  coordinate is measured normal to 
the plate. The leading edge of the plate is taken as coincident with z axis. A uniform magnetic field 0B  is applied normal 
to the flow region. The imposed magnetic field vector 0B  can be taken as 0,,0 0BB . The magnetic Reynolds number of 
the flow is taken to be small enough field and the magnetic field is negligible in comparison with applied magnetic field and 
the magnetic lines are fixed relative to the fluid. Initially, it is considered that the plate as well as the fluid is at the same 
temperature TT  and concentration level CC . Also it is assumed that the fluid and the plate is at rest after that the 
plate is to be moving with a constant velocity U  in its own plane. Instantaneously at time 0t , the temperature of the 
plate and spices concentration are raised to TTw  and CCw  respectively, which is there after maintained constant, 
where wT , wC  are temperature and spices concentration at the wall  and T , C  are the temperature and concentration of 
the species outside the plate respectively. The physical configuration of the problem is furnished in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
Fig. 1. Physical configuration and coordinate system. 
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Under the electromagnetic Boussinesq approximations, the MHD unsteady flow and heat and mass transfer with heat 
generation and chemical reaction are governed by the following equations are given by: 
Momentum equation in axisx : 
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Momentum equation in axisx : 
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Energy equation: 
p
p
r
ppps
t
p
TT
c
Q
y
q
C
wu
mC
B
y
C
cc
Dk
y
T
cy
Tv
t
T 1
1
22
2
2
0
2
2
2
2
0                                   (3) 
Concentration equation: 
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with the corresponding boundary conditions are 
0yCCTTwUu ww at,,0,                 (5) 
yCCTTwu as,,0,0                 (6) 
where wvu and,  are the zyx and,  components of velocity vector, eetm  is the Hall parameter, where e  is the 
electron frequency,  is the kinematic coefficient viscosity,  is the fluid viscosity,  is the density of the fluid,  is the 
thermal conductivity, pc  is the specific heat at the constant pressure , 0k  is the rate of chemical reaction and D  is the 
coefficient of mass diffusivity, tk  is the thermal diffusion ratio, sc  is the concentration susceptibility, respectively. Here p  
and q  are considered as positive constant. The radiative heat flux rq  is described by the Rosseland approximation such that 
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4 ,  where *  and *k  are the Stefan-Boltzman constant and the mean absorption coefficient, respectively. 
We assume that the temperature difference within the flow are sufficiently small so that the 4T  can be expressed as a linear 
function after using Taylor series to expand  4T  about the free stream temperature T  and neglecting higher-order terms. 
This result in the following approximation: 434 34 TTTT  . 
To obtain the governing equations and the boundary condition in dimension less form, the following non-dimensional 
quantities are introduced as;  
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Substituting the above relations in equations (1)-(4) and corresponding boundary conditions (5) and (6) are; 
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boundary conditions are; 
1,1,0,1 CTWU  at 0Y                                                                         (11) 
0,0,0,0 CTWU  as Y ,                            (12) 
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where  represents the dimensionless time, Y  is the dimensionless Cartesian coordinate, U  and W  are the dimensionless 
velocity component in X  and Z  direction, T  is the dimensionless temperature, C  is the dimensionless concentration, 
U
vS 0  (Suction Parameter), 3U
TTgBG wTr  (Grashoff Number), 3U
CCgB
G wCm  (Modified Grashoff 
Number), 2
1Uk
K  (Permeability of the porous medium), 2
2
0
U
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3
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3. Shear Stress, Nusselt and Sherwood Number 
    From the velocity field, the effects of various parameters on the shear stress have been calculated. Shear stress in x -
direction, 
0
0
Y
x Y
U  which is proportional to 
0YY
U . Shear stress in z -direction, 
0
0
Y
z Y
W  which is 
proportional to 
0YY
W . From the temperature field, the effects of various parameters on Nusselt number have been 
investigated. Nusselt number, 
0
0
YY
TNu  which is proportional to 
0YY
T . And from the concentration field, 
the effects of various parameters on Sherwood number have been analyzed and the Sherwood number, 
0
0
YY
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is proportional to 
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Y
C
. 
4. Numerical solutions 
 In order to solve the non-dimensional system by the implicit finite difference technique, it is required a set of finite 
difference equations. In this case, the region within the boundary layer is divided by some perpendicular lines of Y -axis, 
     
     
     
     
     
     
     
     
     
     
     
     
     
      
 
Fig. 2. Finite difference system grid. 
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where Y -axis is normal to the medium as shown in Fig. 2. It is assumed that the maximum length of boundary layer is 
25maxY  as corresponds to Y  i.e. Y  varies from 0  to 25  and the number of grid spacing in Y  directions is 
400p , hence the constant mesh size along Y  axis becomes 2500625.0 YY  with a smaller time-step 
001.0t .  
Let TWU ,,  and C  denote the values of TWU ,,  and C  at the end of a time-step respectively. Using the implicit 
finite difference approximation, the following appropriate set of finite difference equations are obtained as; 
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with the finite difference boundary conditions, 
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Here the subscript i  designates the grid points with Y  coordinate and the superscript n  represents a value of time, 
n  where .....,....2,1,0n . The primary velocity U , secondary velocity W , temperature T  and concentration 
C  distributions at all interior nodal points may be computed by successive applications of the above finite difference 
equations. The numerical values of the local shear stresses, local Nusselt number and local Sherwood are evaluated by Five-
point approximate formula and the average shear stresses, average Nusselt number and average Sherwood number are 
calculated by the Simpson’s 
3
1
 integration rule. The stability conditions of the method are;  
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convergence criteria of the problem are 1m , 1uD  or 1rS , 911K , 1760 , and 846  when 00.2S , 
20.0R , 00.7rP , 94.0cS . 
 
 
5. Results and discussion  
To observe the physical situation of the problem, the steady-state solutions have been illustrated in Figs. 3-7 when 2p  
and 2q . The primary velocity, secondary velocity and temperature distributions are displayed for various values of 
Dufour number uD  respectively illustrated in Figs. 3(a), 3(b) and 4(a). These results show that the primary velocity, 
secondary velocity and temperature distributions increase with the increase of uD . The effect of Soret number rS  on the 
primary velocity, secondary velocity and concentration distributions are respectively illustrated in Figs. 4(b), 5(a) and 5(b). 
These results show that the primary velocity, secondary velocity and concentration distributions increase with the increase of 
rS . The concentration distribution is shown in Fig. 6(a) for various values of chemical reaction parameter  with two 
values of Schimdt number 60.0cS  (water vapor) and 94.0cS  (carbon dioxide) respectively. It is noted that the 
concentration decreases with the increase of , where 0  and 0  are treated as genarative and destructive chemical 
reaction respectively. The concentration also decreases with the increase of cS  leads to thining of the concentration 
boundary layers. Fig. 6(b) displays the temperature distribution for several values of heat generation or absorption parameter 
 and Prandlt number rP . It is noted that the temperature increases with increase of , where 0  and 0  are 
treated as heat absorption and genaration respectively. The temperautre increases with the increase Prandlt number rP . This 
is consistent with the well known fact that the thermal boundary layer thickness increasing with the increase rP . The Nusselt 
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number for different values of heat genaration or absorption parameter  and Prandlt number rP  are displayed graphically 
in Fig. 7(a). The Nusselt number decreases with the rise of  and increases with the rise of rP . The Sherwood number for 
different values of chemical reaction parameter  and Schimdt number cS  are displayed graphically in Fig. 7(b). The 
Sherwood number increases with the increase of  and cS . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Illustration of (a) Temperature profiles for varios values of uD  and (b) Primary velocity profiles for various values of rS  when 2p  and 2q . 
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Fig. 7. Illustration of (a) Nusselt number for various values of  and rP  and (b) Sherwood number for various values of  and cS                            
when 2p  and 2q . 
Finally, a qualitative comparison of the present steady-state results with the published results (Aurangzaib and Shafie [5]) 
is presented in table 1. The accuracy of the present results is qualitatively as well as quantitatively good in case of all the 
flow parameters. 
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Table 1. Qualitative comparison of the present results with the previous results 
Previous results given by Aurangzaib and Shafie [5] Present results Increased 
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6. Conclusions 
In this study, In this study, the finite difference solution of unsteady MHD mixed convection heat and mass transfer over 
a permeable vertical plate in the presence of heat generation, chemical reaction, thermal radiation and Hall current for 2p  
and 2q  is investigeted. In present investigation, the primary velocity, secondary velocity and temperature distributions 
increase with the increase of Dufour number. The primary velocity, secondary velocity and concentration distributions 
increase with the increase of Soret number. The concentration decreases with the increase of chemical reaction parameter 
and Schimidt number. It is also seen that temperature increases for the increase of heat genaration or absorption parameter 
and Prandlt number. The Nusselt number decreases with the increase of heat genaration or absorption parameter and 
increases with the and Prandlt number. The Sherwood number increases with the increase of chemical reaction parameter 
and Schimdt number.  
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